Postharvest losses especially at storage are a major challenge in yam production. Hence, the study was aimed to investigate and find out the suitable storage method which would minimize losses incurred during storage. A survey was conducted to assess the pre-storage treatments applied to yam, methods adopted for storage and farmers knowledge on postharvest losses. Effect of storage methods on major factors that initiate and cause losses and proximate analysis to determine the nutritional variation of White yam cultivars, Pona and Tela were also conducted before and after storage. The survey revealed, only few farmers (28%) apply agro-chemicals to their harvested tubers before storage. The most common storage method used by the respondents is the yam barn (60%). Burial (30%) and heaps on floor (10%) storage methods were also used depending on time of harvest. The respondents also estimated 4-40% as losses often incurred after harvest and in storage due to injuries (31%), pests (23%), weight loss (4%), sprout (21%) and decay (40%). The storage experiment conducted however showed sprouting at storage as the major cause of loss (93%). The storage methods caused a significant reduction on the nutritional composition of the stored tubers. With the three storage methods (heaps on floor, yam barn and open sided) evaluated, the open sided storage performed best in respect to weight loss, sprouting, decay, pest damage and nutritional composition.
Introduction
Yams are among the most important staple food crops in the world particularly in the tropical and sub-tropical countries (Okigbo & Ogbonnaya, 2006) . In fact, yam plays a central role in the food economy in most West African Countries especially Ghana. Yam is a major source of energy in the daily diet of many people in Ghana. Yam contributes more than 200 calories per person per day for more than 150 million people in West Africa (FAO, 2005) . Although yam tubers are mostly used for their high content of carbohydrate, they also have high protein, minerals such as calcium, phosphorus, iron and vitamins B and C (Splittstoeser & Rhodes, 1973) . The crop without any doubt contributes importantly to food security and poverty reduction in Ghana since it can be stored relatively better than many tropical crops.
The storage of yam is challenged by numerous problems and often beyond the usual farmer's control. Postharvest losses constitute a major problem and has been estimated by various authorities that 20-80% of harvested yams are lost after harvest. According to the National Academy of Sciences (NAS) (1978) , estimate of losses are ranging between 40-80% and sometimes as high as 100% for certain crops in the tropics and subtropics where temperatures are extremely high. FAO (1998) estimated that an average of over 25% of the yams produced and harvested in Nigeria are lost in storage.
It is obvious that the cost of preventing food losses is generally less than producing an additional amount of food crop of the same value and quantity. It is also generally believed that reducing postharvest losses would be the next most effective tool for preventing global food shortage.
The major task therefore was to find a suitable and cost effective storage method or technology to keep the excess harvest and make the crop available round the year. The study hence aimed to focus on better storage conditions which extend and maintain the edible and marketable qualities and shelf-life of some white yam cultivars.
Material and Methods

Survey
A survey was conducted in five communities: Hani, Nkyeraa, Nsawkaw, Seikwa and Subinso in two major yam growing districts: Wenchi and Tain of BrongAhafo region in Ghana to find out; pre-storage treatments applied to yam by farmers, methods adopted by farmers for the storage of yam and farmers' knowledge on postharvest losses during storage. Simple random sampling procedure was used to select fifty respondents each from the five yam producing communities for interview. The interview was conducted by the researcher using structured questionnaires. The data collected was analysed using Statistical Package for Social Sciences (SPSS) -descriptive and inferential statistics.
Experimental Work
The experiment was executed between November 3 rd 2012 and March 30 th 2013 having the period of 150 days Storage structures used for the study: The Traditional barn, Heaps on floor covered with litter and open-sided shelves store with rodent guards were prepared prior to the commencement of the Research work. The structures were erected in open air, where sufficient shade and ventilation were available.
Parameters
Factors such as weight loss, decay, sprout and pest damage that initiate and cause loss at storage were studied.
The weight of the yam tubers were measured and recorded at fortnight interval using electronic balanced. Weight loss of yam tubers were computed and expressed in percentage.
Decayed, sprouted and pest damaged yam tubers, were assessed through visual observation at fortnight interval during the experimental period. The data for sprouted and pest damaged yam tubers were counted, recorded and expressed in percentages respectively. 
Proximate Analysis
Proximate analysis was conducted on the stored yam tubers at the beginning of experiment and at the end of the study to establish the effect the various storage methods on the Crude Fibre, Crude Protein, Ash, Carbohydrate and Moisture Content.
Data Analysis
Data collected from the studied parameters were subjected to analysis of variance using Statistix Student 9.0 and means were compared at least significant differences (Lsd) of 1 and 5 per cent. Count and percentage data were transformed using square root transformation.
Results and Discussion
Field Survey
Postharvest Activities
Sixty percent (60%) partly sell and store their yam while 40% solely store immediately after harvest. A relatively low number of the producers apply agro-chemicals on yams as postharvest treatment before storage. Among the all the farmers interviewed only twenty eight per cent (28%) apply agrochemicals on yam tubers while the majority (72%) of them do not use pre-treatment application before storing.
Majority of them (68%) estimated the storage life of yam to be 150 days (5 months).
Three storage methods; storage in traditional yam barns, burial storage method and heaps on floor were identified and used by the respondents for storing their harvested yams. The commonly used one is the yam barns and the least preferred is by the heaps on floor storage technique.
Postharvest Losses
The farmers (respondents) reported that, the postharvest losses incurred at transit and storage ranged between 1-30%. Forty (40) per cent of farmers reported 11-20% losses while majority (56%) of the producers reported a postharvest loss within a range of 1-10% and a few (4%) suffered a high loss of 21-30% (Figure 3 -1).
They attributed the losses on their harvested produce to a number of contributing factors namely decay (40%), injuries (31.3%), pests (22.6%), weight loss (4.3%) and sprout (1.7%) ( Vol. 6, No. 7; 2014 pests and rodents). They also believed that, decay and weight loss could be minimized by preventing injuries to tubers and shading respectively.
Storage Experiment
Three storage methods were evaluated to find out their effect on the quality and shelf-life of the White yam. Factors (decay, pests/rodents and weight loss) identified by respondents as the major causes of postharvest loss and sprout were studied and reported on. The results depicted in the above Tables revealed the resistibility of Tela cultivar (0.00%) to pests/rodents attack throughout the storage period with all storage methods employed for the studies and was significantly different (p<0.05) from Pona (28.89%) which was prone to pest or rodent attack. This resistivity could be as result of genetic quality of this particular cultivar of the white yam. Pona on the other hand, was prone to pests and rodent attack when heaped on the floor (53.33 %) and stored in the traditional yam barns (33.33%). According to Igbeka (1985) , rodent pests frequently attack and feed on some of the harvested tubers stored in yam barns. The easy accessibility of the stored tubers to the rodent and pests on floor caused the occurrence of high percentage of the attacked tubers. However, open sided storage method was able to put the pests and rodents into completely checked as it recorded 0.00% pest attack. The traditional barn storage method was significantly better (p<0.05) than the heap on floor storage method which had the highest level of pest attack.
Weight Loss
A significant difference (p<0.05) was recorded between the cultivars of Pona and Tela where both had 21.12% and 25.95% weight loss respectively. Thus, Tela was more prone to weight loss. The storage methods showed no www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 7; 2014 significant effect (p>0.05) in reducing weight loss, as they performed statistically equal in minimizing the weight loss among the stored tubers.
Weight loss is one of the most severe indications of yam tuber deterioration which may be due to deleterious reactions (Osuji & Umezurike, 1985) . This is often due to excessive respiration (largely due to the oxidation of stored starch) of stored produces occurring as a result of persistent high temperatures and hence, account for postharvest loss. It is positively correlated with loss of water or moisture within a produce as a result of transpiration. The respiration, transpiration and sprouting are the factors responsible for weight loss.
These processes in effect, influence the appearance and cause tubers to shrivel. Weight loss also affected the quality of the produce (yam tubers at storage), as often seen in fruits and leafy vegetables (Ikediobi & Oti, 1983) .
Sprouting
Both the cultivars recorded a significant difference (p<0.05) against each other. Tela significantly recorded the highest number of sprout compared to Pona. The result revealed that sprouting is the major factor that contribute and account for losses of yam tubers at storage. Generally, sprouting was significantly high at storage and all the storage methods showed no difference. The interaction showed a difference (p<0.05) among the means. Tubers of Tela stored in traditional yam barn recorded significantly, the highest numbers of sprouted tubers (93.33%) against the least (53.33%), seen. Pona stored using open sided store and traditional barn. Without any pre-storage treatment, it was difficult for sprouting to be controlled or minimized at storage. Mozie (1984) reported that, high rate of ventilation reduces the growth rate of vines in stored tubers. However, the result of the study showed sprouting was extremely high, especially with count in traditional yam barn, of which Tela recorded the highest number of sprouted tubers (93.33%). This was significantly different from Pona, which on average, recorded the least number of sprout under the same storage. It is possible that, the tubers of Pona cultivar could have a long dormancy period. Knoth (1993) reported that the duration of natural dormancy fluctuate according to the variety of yam between 4-18 weeks.
Decay Figure 10. Effect of storage methods on the decay
In the present study, none of the cultivars of the white yam showed any resistence to rot. However, a relatively high incidence of rot was recorded among the Pona in particular, than Tela which was non-significant as compared to cultivar Tela. The three storage methods adopted for the experiment performed equally and suppressed the incidence of decay for 77 days (10 wks Open sided storage method did best as it recorded the least level of rot (10%). This storage allows in enough ventilation and circulation of air and reduces heat build-up and high humidity level. Decay is one of the main indicators of loss which often occur at transit and storage. It mainly occurs through injuries to a produce which normally gives room for wound pathogen organisms to invade the tissues and hence, cause rot. Amusa et al. (2003) attributed such wounds to encourage insect damages, nematodes attack and ultimately poor handling before, during and after harvest. Yam normally stored best in a cool, well-ventilated storage devoid from excessive high temperature and high relative humidity.
Proximate Analysis
This part of the results gives an account on the effect of the storage methods on the nutritional composition of the two cultivars of white yam selected for the study. The analysis was done just before and after the storage experiment. The nutritional composition analysed comprises of the ash, carbohydrates, fat, fibre, moisture and protein content of the White yam cultivar Pona and Tela. The results in Tables 4, 5 and 6 showed significant reductions in moisture, fat, protein and carbohydrate except for fibre and ash content of both White yam cultivars after five months of storage with the three storage methods.
The nutritional compositions of the cultivars were in the similar range as reported by Osagie (1992) It has been reported that, moisture and protein levels in stored yam tubers decreases with time (Ihekeronye & Ngoddy, 1985) . This study also showed a similar result with a decrease in moisture, protein, carbohydrate and fat content in tubers of Pona and Tela of the White yam variety that were stored with the storage methods. The reduction in moisture content and carbohydrate could be due to respiration, transpiration and sprouting of the tubers. These are physiological activity that is promoted by high temperature and high relative humidity of the storage environment (Passam et al., 1978) . Passam et al. (1978) further reported that, respiration result in a steady loss of carbohydrate in the form of carbon dioxide and water, while at the same time, transpiratory loss of water occurs .
Research has shown that, traces of tannins which are found in some immature tissues of D. rotundata (Osunde & Orhevba, 2009 ) form complexes with protein and limit their availability. Hence, it is possible that, the decrease in the protein is due to tannins. The result also reveals that, fat is generally low in yam as shown in Tables 4 and 5 . This could have been due to the result of the high incidence of sprout development and growth, since reserved energy (fat and carbohydrate) and minerals are used for this physiological activity.
Tuber and root crops are rich in carbohydrates (Osunde & Orhevba, 2009) . The tubers had a high level of the carbohydrates within the range reported by Osagie (1992) . Generally, carbohydrate decreased slightly after the storage period in the three storage methods of which the levels were significantly different (Table 5 ). It is supported by Sahore et al. (2007) who report that, carbohydrate content of yam tuber decreases during storage due to conversion of starch to sugar and respiratory losses of sugar as carbon dioxide.
Cost Benefit Analysis of the Storage Structures
The analysis as showed in Table 3 .7 proved that open sided storage performed best with expected profit of GH¢70.00 regardless of the relatively high cost of GH¢200.00 incurred during the construction. Heaps on floor broke even whiles traditional barn yielded well with expected profit of GH¢40.00 per storage of every 30 tubers. Income from sales of remaining tubers GH¢270.00 GH¢200.00 GH¢140.00 * Total Cost GHc200.00 GH¢160.00 GH¢140.00 ** Total Income GH¢270.00 GH¢200.00 GH¢140.00 *** Expected Benefit GH¢70.00 GH¢40.00 GH¢00.00
Conclusion
The study showed sprouting as the major cause of postharvest losses and could be controlled with a high rate of ventilation or airflow which reduced the growth rate of vine in stored tubers. Pona tend to have a longer dormancy period than Tela cultivar. The traditional yam barn could not be seen as the best for storing Tela as 93% of the tubers got sprouted. The open sided performed quite well in minimizing sprouting of the stored tubers. Levels of decay among the cultivars were significantly equal. However, the open sided storage method did best in minimizing decay. No significant difference was recorded among the stored tubers with the various storage methods in terms of weight loss. Pona in general retained significantly, a higher weight than Tela.
The outcome of the study on pests/rodents attack revealed that, Tela cultivar is resistant to pests attack when stored with the three storage methods. Pona was only not attacked when stored with the open sided storage method.
Hence, the open sided storage helped prevent pests/rodents attack.
There was a reduction in the nutritional composition of the two cultivars during the storage period. However, there were exceptions. The ash content of both cultivars increased slightly when stored with open sided and traditional yam barn. Tubers of Tela that were heaped on the floor at the end of the storage, recorded slight increase of Fibre.
Recommendation
Based on the result of the study, open sided storage should be considered by producers of yams for storing their harvested tubers due to the facts that, it performed well in minimizing nutrient lost, weight loss and decay to considerable level and prevented pests/rodents attack as well as had a higher expected profit or benefit of GH¢70.00 per storage of every 30 tubers. Areas considered for storage should be well ventilated if sprouting and decay are to be prevented and minimized.
